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Yat iona l  Aeronaut ics  and Space Adminis t ra t ion 
OPfice of  Grants and Research Cont rac ts  
Code SC 
Washington, D. C .  20546 

At ten t ion :  D r .  T.L.K. Smull, D i rec to r  

Gentlemen : 

This  i s  t h e  7 t h  q u a r t e r l y  s t a t u s  r e p o r t  on c o n t r a c t  No. NASr-54(03), 
cover ing  t h e  p e r  L d  August 1, 1964, t o  October 31, 1964. 

The p r o j e c t  e f f o r t  during t h i s  q u a r t e r  was d iv ided  among t h e  fo l lowing  
5 t a s k s .  

1. Analys is  o f  d a t a  obtained on previous  ba l loon  f l i g h t s .  

2. Design and cons t ruc t ion  of  equipment f o r  t h e  next  ba l loon  f l i g h t .  

3. A n a l y t i c a l  s tudy  of  atmospheric r a d i a t i o n  p rocesses .  

4. Development of a n  in f r a red  in t e r f e romete r  f o r  space c ra f t  use .  

5. Report Wri t ing .  

The in t e r f e romete r  development received t h e  major p o r t i o n  of  t h e  work 
e f f o r t .  However, dur ing  August, t h e  tempo of t h e  i n t e r f e r o m e t e r  development 
was decreased cons iderably  i n  accordance w i t h  a more s t r i n g e n t  budget t han  had 
been a n t i c i p a t e d .  Temporary s tudent  a s s i s t a n t s  were terminated and permanent 
s;aPf members were encouraged t o  t a k e  as much of t h e i r  accumulated vaca t ion  as 
p c s s i b l e .  N e w  dates f o r  completion of engineer ing  and s c i e n t i f i c  i n t e r f e rqmete r  
Lreadboards were s e t .  D e t a i l s  of p rogres s  i n  each of t h e  above 5 areas of  work 
e f f o r t  are g iven  below. 

1. Analys is  of  Data Obtained on Previous  Balloon F l i g h t s  -- - 
The a n a l y s i s  o f  t h e  26 June, 1963 bal loon  f l i g h t  d a t a  cont inued.  

The d a t a  f o r  a l l  5 channels of t h e  NIMBUS MRIR radiometer  were d i g i t i z e d  
and s to red  on magnetic t a p e  i n  IBM 7090 compatible form. It i s  planned t o  
cont inue  t h e  a n a l y s i s  of t h i s  d a t a  on t h e  IBM 7090 computer. 
ming f o r  t h i s  a n a l y s i s  was s t a r t e d .  

Computer program- 
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Members of our l abo ra to ry  p a r t i c i p a t e d  i n  t h e  eva lua t ion  of b i d s  f o r  t h e  
new d a t a  process ing  system being procured by t h e  Space Phys ics  Research group 
f o r  j o i n t  use  wi th  our l abo ra to ry .  

2 .  Design and Cons t ruc t ion  of Equipment f o r  t h e  Next Balloon F l i g h t  - - --- 
The second environmental  t e s t  t o  check t h e  thermal  c o n t r o l  of ins t ruments  

on t h e  new ba l loon  gondola was run a t  Chrys le r  Missile Div is ion  dur ing  t h e  f i r s t  
week i n  August. The d a t a  obtained i n d i c a t e  t h a t  t h e  p re sen t  des ign  i s  a satis-  
f a c t o r y  s o l u t i o n  t o  t h e  problem of the  temperature  c o n t r o l  on t h e  ba l loon  gon- 
do la  of t h e  SIRS instrument  and t h e  JPL spectrometer .  

The cons t ruc t ion  and t e s t i n g  of equipment f o r  use on t h e  next ba l loon  
f l i g h t  cont inued.  Mechanical items worked on were t h e  fol lowing:  layout  and 
f a b r i c a t i o n  of t h e  in su la t ed  compartmentalized b a t t e r y  s e c t i o n ,  mounting arrange-  
ment f o r  t h e  JPL  spectrometer  and cryogenic cool ing  system, gondola support  
cab le s  and t h e  c ra sh  pad for absorbing shock on impact. E l e c t r i c a l  and e l e c -  
t r o n i c s  devices  completed included the  instrument  programming and c o n t r o l  
c h a s s i s ,  i n - f l i g h t  t e l eme t ry  c a l i b r a t i o n  u n i t s  having e x c e l l e n t  temperature  
s t a b i l i t y ,  a t e l eme t ry  d i sc r imina to r  input  pa tch  panel ,  and a galvanometer 
a t t e n u a t o r  pane 1. 

A new t i m e  code gene ra to r  was rece ived ,  completely t e s t e d  and i n s t a l l e d  i n  
t h e  t e l e m e t r y  ground s t a t i o n  i n  t h e  bus.  

A program of modifying some used vol tage  con t ro l l ed  o s c i l l a t o r s  ( V C O s )  f o r  
p o s s i b l e  use  i n  our a i rbo rne  te lemet ry  system on f u t u r e  ba l loon  f l i g h t s  was be- 
gun. The o b j e c t i v e  was t o  change the  range of  input  vo l t ages  which t h e  VCOs 
would a c c e p t .  
necessary  l i n e a r i t y  of  t h e  VCO modulation c h a r a c t e r i s t i c  and so t h i s  p r o j e c t  
was s topped.  It w i l l  be necessary  t o  purchase new VCOs.  

It was not p o s s i b l e  t o  m a k e  t h i s  modi f ica t ion  and maintain t h e  

The e f f e c t  of a change i n  VCO input  r e s i s t a n c e  on t h e  accuracy of d a t a  
te lemetered  ove r  a c h a m e l  us ing  t h a t  VCO was i n v e s t i g a t e d .  It was found t o  
produce n e g l i g i b l e  e r r o r  i n  most cases .  
accuracy  i s  des i r ed  t h i s  f a c t o r  must be c a r e f u l l y  considered,  however. 

I n  t h e  case  where 0.2% of  f u l l  s c a l e  

Methods of  t e l eme te r ing  t h e  r e l a t i v e l y  high frequency d i g i t i z e d  i n t e r -  
fe rometer  s i g n a l  a long  wi th  t h e  rest  of t h e  r a t h e r  l a r g e  complex of  s i g n a l s  
was cons idered .  Various combinations of I R I G  s tandard channels  on one or two 
t r a n s m i t t e d  carr iers  was s tud ied .  The use  of a second t r a n s m i t t e r  was decided 
a g a i n s t .  I f  necessary  t i m e  sha r ing  of some of  t h e  s i g n a l s  w i l l  be i n s t i t u t e d .  

T e s t  o f  t h e  c o m p a t i b i l i t y  of t a p e s  made on t h e  P r e c i s i o n  I n s t n m e n t  PS2O7 and 
t h e  Ampex CPlOO t a p e  r eco rde r s  showed poor  r e s u l t s .  It i s  suspected t h a t  t h e  
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CPlOO t a p e  r eco rde r  i s  not p rope r ly  ad jus ted  and so t h e  s e r v i c e s  of  a n  Ampex 
s e r v i c e  t e c h n i c i a n  were ordered.  

A series of t es t s  of an  angu la r  r o t a t i o n  commutating device  were made t o  
determine angu la r  accuracy and r e p e a t a b i l i t y .  
a p h o t o c e l l  t o  determine gondola azimuth r e l a t i v e  t o  t h e  sun. These t es t s  i n -  
d i c a t e  t h a t  a n  accuracy of  1 degree i n  azimuth w i l l  be p o s s i b l e .  

This  device  w i l l  be used wi th  

3. Anal.vtica1 Study of AtmosDheric Radiat ion Processes  

The s tudy  of  atmospheric t ransmiss ion  i n  t h e  15  micron C 0 2  band con- 
t i nued .  During t h i s  per iod  a c a l c u l a t i o n  of  t ransmiss ion  c o e f f i c i e n t s  i n  t h e  
e n t i r e  band was made a t  t h e  NCAR computing f a c i l i t y  i n  Boulder, Colorado. 
data  obtained were prepared f o r  pub l i ca t ion .  
c a l  and experimental  resul ts  a r e  being made and a p p l i c a t i o n s  are being considered.  

The 
Comparisons wi th  prev ious  t h e o r e t i -  

Some t i m e  was devoted t o  improving t h e  e f f i c i e n c y  of t h e  computer program 
for c a l c u l a t i n g  abso rp t ion  c o e f f i c i e n t s  when both Doppler and b r e n t z  broaden- 
ing  are considered.  Some cons idera t ion  was g iven  t o  t h e  p o s s i b l e  in f luence  
of v a r i a t i o n  i n  l i n e  half-width wi th  r o t a t i o n a l  quantum number i n  r a d i a t i o n  
t r a n s f e r  c a l c u l a t i o n s .  

A program f o r  t h e  c a l c u l a t i o n  of 15  micron C 0 2  t r a n s m i s s i v i t i e s  wi th  i m -  
proved accuracy has  been s ta r ted .  

4. Development of  an  I n f r a r e d  In t e r f e romete r  f o r  Spacecraf t  U s e  - - -- 
The main o b j e c t i v e  of  t h e  in t e r f e romete r  development was t h e  i n t e g r a t i o n  

of The Un ive r s i ty  of Michigan o p t i c a l  cube wi th  t h e  NASA e l e c t r o n i c  c i r c u i t r y .  
The o b j e c t i v e  was m e t  t o  a l a r g e  degree i n  t h a t  success fu l  ope ra t ion  of  t h e  
d r i v e  a m p l i f i e r  and mi r ro r  d r i v e  system was demonstrated and p rope r  ope ra t ion  
of t h e  l o g i c  c i r c u i t s  was ind ica t ed .  

The most s i g n i f i c a n t  development dur ing  t h i s  work per iod was t h a t  of t h e  
The previous  model was cons t ruc ted  wi th  i n t e r n a l  magnet m i r r o r  d r i v e  system. 

ceramic magnets and "w" shaped spr ings .  It was used t o  t es t  t h e  NASA e l e c t r o n i c  
c i r c u i t r y  and was turned  over  t o  NASA Goddard Space F l i g h t  Center  t e c h n i c a l  
pe r sonne l  a f t e r  t h e  i n i t i a l  tests.  The new model was made wi th  Alnico magnets 
and p a r a l l e l  leaf sp r ings .  
h i g h e r  f l u x  d e n s i t y  than  t h e  ceramic magnets. This  permi ts  a des ign  wi th  mag- 
n e t s  o f  smaller cross  sec t ion ,  which i n  t u r n  permi ts  t h e  magnet t o  be i n s i d e  
of a so f t  i r o n  s t r u c t u r e ,  wi th  t h e  f i n a l  r e s u l t  t h a t  t h e  e x t e r n a l  flu i s  
g r e a t l y  reduced. 

The Alnico magnets were used because t h e y  have 
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Some of  t h e  o t h e r  design,  cons t ruc t ion  and t e s t i n g  d e t a i l s  connected 
wi th  t h e  i n t e r f e r o m e t e r  development a r e  as fo l lows .  Various th i cknesses  of  
KBr  beam s p l i t t e r  material were coated wi th  Germanium. 
of t h e  Germanium coa t ing  w a s  determined, both f o r  t h e  i n f r a r e d  and for t h e  
v i s i b l e  l i g h t  s i g n a l .  Some o p t i c a l  tes ts  of  I r t r a n  were conducted t o  check 
i t s  s u i t a b i l i t y  as a beam s p l i t t e r .  P r o t e c t i v e  coa t ings  f o r  K B r  were t e s t e d .  
Vibra t ion  tes ts  of a KBr beam s p l i t t e r  and m i r r o r  ho lde r s  were success fu l .  
Severa l  sources  of l i g h t  f o r  t h e  monochromatic s i g n a l  were t e s t e d  as were 
s e v e r a l  t ypes  o f  s i l i c o n  pho toe lec t r i c  c e l l s .  A new engineer ing  breadboard 
o p t i c a l  cube w a s  designed. Two f ixed  m i r r o r  mounts were b u i l t  for use wi th  
t h e  new o p t i c a l  cube. 
u s ing  t h e  0.25 i n .  KBr beam s p l i t t e r ,  observing a t a r g e t  through a poly-  
s ty rene  f i l t e r ,  y i e lded  a s i g n a l  t o  noise  r a t i o  of 225 t o  1, which i s  low by 
a f a c t o r  of 8 from t h e  des i r ed  s i g n a l  t o  no i se  r a t i o .  

The proper  th i ckness  

F i n a l l y  a t e s t  of  t h e  s c i e n t i f i c  breadboard u n i t  

A s epa ra t e  development of  t h e  e l e c t r o n i c  p o r t i o n  of t h e  mi r ro r  d r i v e  
system, p a r a l l e l l i n g  t h e  NASA development w a s  c a r r i e d  out  a t  The Un ive r s i ty  
of Michigan. During t h i s  work per iod,  it became evident  t h a t  t h e  NASA develop- 
ment showed g r e a t e r  promise than  The Un ive r s i ty  of Michigan work and t h e r e f o r e  
t h e  l a t t e r  e f f o r t  was te rmina ted .  

5. Report Wri t ing 

A paper ,  e n t i t l e d  " Inf ra red  and Vi s ib l e  Radiat ion Measurements by Radio- 
meter  and In t e r f e romete r  on High A l t i t u d e  Balloon F l i g h t s  a t  34-Km. Al t i t ude , "  
by F.L. Bartman, L.W. Chaney, P.A. Titus, and M.G. Whybra was presented  a t  t h e  
I n t e r n a t i o n a l  Symposium on Radiation Processes  a t  Leningrad, USSR, August 5-12, 
1964. 

6. Swnmary of  Future  Work - - 
The fo l lowing  t a s k s  w i l l  receive major a t t e n t i o n  dur ing  t h e  next work 

pe r iod .  

.. a. 

b .  

C. 

a .  

e. 

Development of t h e  inf ra red  in t e r f e romete r .  

Analys is  of d a t a  from t h e  last ba l loon  f l i g h t  and from t h e  a i r c r a f t  
f l i g h t  tes ts .  

Design, cons t ruc t ion  and t e s t i n g  of  equipment for t h e  next ba l loon  
f l i g h t .  

A n a l y t i c a l  s tudy of atmospheric r a d i a t i o n  processes .  

Report w r i t i n g  . 


